ABSTRACT. Brazil's location and tropical weather conditions are favourable cultivating sugarcane, which has led to Brazil being one of the world's largest producers of sugarcane. The influence of the sugarcane industry on its economy stands out among the indicators of Brazilian economic growth and because the diversified investment when planning the production of products derived from this sector is encouraged. The decision on which derivative (for example, crystal sugar, anhydrous ethanol, or hydrous ethanol) to produce from raw sugarcane can be modelled as an investment decision in a portfolio decision problem whenever a combination of these products is considered. As to the future price of these commodities, raw sugarcane is considered to be capital that should be invested. Thus, this paper puts forward a decision model which uses concepts from Decision Analysis and Bayesian Risk Analysis that may well assist the process of managing assets in the Brazilian sugarcane industry by considering the financial aspect when compiling a portfolio for planning production.
INTRODUCTION
Brazil is ranked as the world's largest producer of sugarcane (UNICA, 2012) among tropical countries. This is due to its geographical location, climatic features and its having abundant manpower. For Brazilian economic and social development, the sugarcane industry has a strategic focus for the creation of jobs and revenue in the country (IBGE, 2014) . In 2012, the sugarcane industry accounted for approximately 2% of the national gross domestic product (GDP) and 31% of this sector's GDP, thereby generating approximately 4.5 million direct jobs, and thus consolidating a national sector that generates the largest number of jobs in Brazil (UNICA, 2012).
According to IBGE (2014) , in Brazil, the land area for planting sugarcane totalled 8.2 million hectares, which means that sugarcane can be used to produce a diverse portfolio of derived products, such as sugar (including crystal and refined sugar), ethanol (including anhydrous and hydrous ethanol), while the biomass waste from processing sugarcane can be used to generate energy. The volume of these commodities to be produced from sugarcane requires management strategies for setting the prices of sugarcane-derived products so as to establish a balance between supply and demand in order to model the advantages of investing in this sector. Thus, it is timely to draw attention to ways in which financial decisions in this sector might be best managed (UNICA, 2012; Azevedo & Galiana, 2009 ).
In this particular context, most sugarcane processing enterprises have facilities to produce more than one kind of product derived from sugarcane. As the price for each of these sugarcane commodities is volatile, and the amount of raw sugarcane harvested annually varies, this paper considers the situation faced by such producers who may well have capacity that exceeds the total amount of sugar to be processed. Therefore this results in slacks that permit flexibility in choosing which kind of sugarcane commodity should be produced.
Thus, production planning includes estimating the future pattern of the price of each derived product. This requires investigation as a financial decision problem which will enable production planning to be improved whenever different kinds of derived products are considered.
From this perspective, the decision context is formulated as part of production planning. This is then regarded as an investment problem which is affected by future markets. It needs to be evaluated as a portfolio selection problem which takes into consideration the combination of sugarcane-derived products that a given company can produce.
Thus, this paper considers raw sugarcane as capital to be invested, and takes the future price of such commodities into consideration. It is assumed that there are no demand constraints since high-valued future prices indirectly reveal the relationship between the demand for and the amount of the commodities that will be produced.
In financial investment decisions, risk is often related to the degree of uncertainty about the contextual factors of the decision problem (Knight, 1921) . Therefore, risk can be defined as the variability of the returns observed on a project or investment assets, compared with their expected return, which covers the positive and negative results of the action of investment. In other words, the returns for the stock investors (or decision-makers such as sugarcane producers) are associated with the risk they are willing to run and this risk is commonly associated with losses in monetary terms. When considering the sugarcane context as an investment, there is a trade-off between payoffs and risk in the capital investment process, so the producer/investor reveals the level of risk which he is willing to run and does so, for example by undertaking a financial portfolio analysis when considering mean-variance approaches (Markowitz, 2014) .
Therefore, gains and losses are associated with the risk to be faced, and thus risk exposure may be reduced by using hedges.
In a recent study, Guo et al. (2015) investigated the production and hedging behaviour of a regret-averse firm and verified that the condition of regret aversion is independent of the level of optimal production. Therefore, adopting a hedge transaction is a representation of risk aversion. There are several procedures for defining a hedging portfolio. Luo et al. (2015) present a hedge portfolio optimization procedure based on an orthogonal GARCH model and a Markovian approach.
In Utility Theory, it is expected that the behaviour of the individual in relation to the risk is the contrary of that on the return (Bernoulli, 1954) . According to this theory, the more value is added to a specific offer to invest, the less risk the individual is willing to run, and its marginal utility tends to decrease. This relation between utility value and gain or loss value, in general, is represented by a utility function (Berger, 1985) . A utility function represents a means by which the DM can more fully understand the level of risk involved and this highlights the importance of managing this indicator for the business while considering the different factors that Thus, this paper investigates how best to evaluate which sugarcane-derived commodity should be chosen for production when considering a sugarcane surplus as capital to be invested. This production decision problem is regarded as a portfolio selection problem which can be modelled in the first instance with a mean variance approach (Markowitz, 1952) . After Markowitz's seminal paper (Markowitz, 1952) , new studies provided different contexts for investment in the capital market. Tobin (1958) investigated liquidity preferences within an expected return and risk approach. Clarkson & Meltzer (1960) addressed the selection of a portfolio using a heuristic approach, which led to the publication of several papers which used heuristic algorithms to optimize financial portfolios (Speranza, 1996 Thus, Markowitz's 1952 study led to an extensive relevant literature on portfolio selection in Operations Research, which prompted a fifty-year retrospective by Rubinstein (2002) and a special issue on the European Journal of Operations Research (EJOR) celebrating its sixtieth anniversary. This contained a paper which reviews mean-variance approximations to expected utility (Markowitz, 2014) .
Given the many contexts in which a portfolio selection problem arises, this paper presents the formulation of a selection problem on the production planning of sugarcane-derived products as investment options, and the uncertainties will be evaluated based on a decision analysis framework (Raiffa & Schlaifer, 1961; Berger, 1985) for measuring the risk associated with the decision of allocating raw sugarcane as capital when selecting investments.
The relevance of this article is made clear because of the size and importance of agribusiness in Brazil, especially of the sugar and alcohol sector, and of the theory proposed by Markowitz and the importance of decision analysis for operational research.
PROBLEM FORMULATION
The structure of the model is this paper is based on a Bayesian approach to include contextual factors that may be associated with prior knowledge, as found in the extensive literature regarding Bayesian approaches towards risk (Robbins, 1964 Within a decision analysis framework there is a mathematical structure for a decision model, which consists of defining the sets of basic elements, the variables that describe the problem context involved, and the interactions between these (Raiffa & Schlaifer, 1961; Berger, 1985) . The set of decision alternatives establishes the possible investment options for allocating the available resources, which in this paper is represented by raw sugarcane. Therefore, the DM's objective is to maximize the return while minimizing losses.
Thus, the set of decision alternatives is represented by all combinations of the allocation of the available capital (raw sugarcane) among the assets selected. Therefore, this set is represented by A = {a 1 , a 2 , . . . , a n }, where a i is the portion of capital, this being limited to n assets being available for selection in the decision context (Raiffa & Schlaifer, 1961; Berger, 1985) and the constraint is satisfied that all capital must be allocated to the assets, with A = n j =1 a j = 1. The payoffs are consequences associated with the investment options and are treated as gains and/or losses which are delivered to the DM and they are represented by the return on investment in certain assets invested in the capital market. This set is expressed by B = {b 1 , b 2 , . . . , b n }, based on the price of the sugarcane-derived product (Raiffa & Schlaifer, 1961; Berger, 1985) . Given that the return on an asset over a given period corresponds to the ratio between the difference of the value of the asset in the current period and the previous period and its value in the previous period. r t is the return on an asset in period t , and V t is its value in period t .
Thus, it is possible to represent the cumulative return of an asset in period t , given that this is the multiplicand within the range of returns, so
Based on these data, one can evaluate the set of payoffs resulting in a cumulative rate of return on each asset in a given period multiplied by the percentage of invested capital C. Therefore, we may say that B is described as (4), which is expressed in monetary values by B = C * n i=1 a i * R ti . There are outcomes over which the DM has no control, namely states of nature, which are represented by the set θ = {θ 1 , θ 2 , . . . , θ n } (Raiffa & Schlaifer, 1961; Berger, 1985) . The states of nature for the problem addressed in this paper are summarized by positive or negative returns obtained in a given period for each investment asset. Thus, the partial state of nature that can be obtained by θ t , when R t is the cumulative return of an asset in a time interval as described by (1):
The set of observations, X = {x 1 , x 2 , . . . , x n }, can be represented by macroeconomic and microeconomic factors, which in general are available to the DM and can be analysed to establish correlations with the state of nature. In this paper observations are considered to be variations in an economic index, such as K t , thus, an observation is represented by (2):
The utility function enables consideration to be given to a DM's risk behaviour (averse, neutral and prone) and therefore the degree of aversion or propensity or neutrality toward risk that the DM has to define. The utility function considered for this problem is a linear representation which satisfies decision analysis standard conditions (Raiffa & Schlaifer, 1961; Berger, 1985) , represented by the variation in investment gains by adopting lower and upper values, given by (3):
U (b) is the utility of a payoff b, min(b) is the minimum expected return, and max(b) is the maximum expected return.
The consequence function is obtained from a statistical analysis of historical data for the assets selected, as a probability distribution (Ferreira et al., 2009). For instance, if the data fit a normal distribution, this function is given by (4):
where μ θi is the estimated average for the value of asset i, and σ θi is the standard deviation for the value of asset i.
The states of nature involved may be explained by a priori knowledge. Thus, it is possible to associate a priori probability distribution over states of nature, which is represented by π(θ) 
Therefore, the a posteriori distribution is given by (7):
The loss function is recognized as the opportunity cost (i.e., the cost of choosing one alternative over another decision) in a given situation, as given by (8) 
From this perspective, the risk function is defined as the expected loss of a given situation, which corresponds to the average loss obtained when choosing a specific action, assuming that θ is the true state of nature. 
Therefore, in a Bayesian risk analysis perspective, r a is a measure that considers a priori knowledge about the state of nature so as to determine the probability of obtaining a certain payoff that plays a significant part in the decision context -in other words, r a measures the risk of an action given that (10) and (11). This metric allows decision rules to be established, where r a is the risk of a decision rule R a given by the utility ratio in a state of nature θ:
Equation (11) shows the value of the Bayes risk of the decision rule. The interpretation of the results obtained by these rules is conducted by checking the lowest risk for a particular context, given the preferences of maximizing gains and minimizing the risks associated with the decision process. In other words, the action chosen will be the one that minimizes r a for a given observation.
CASE STUDY
In Brazil, there are many producers of sugarcane who are responsible for processing and transforming raw sugarcane into its derived commodities. Therefore, these producers assume the responsibilities of the DM in this capital investment process in the sugarcane industry.
The Brazilian sugarcane industry has three main assets: crystal sugar and anhydrous and hydrous ethanol. For this proposed application, these assets are sufficient to show the results of the decision model. The set of assets is represented by random variables in the decision model: a 1 : crystal sugar, a 2 : anhydrous ethanol, and a 3 : hydrous ethanol.
For information about these investment assets, the price distribution of financial ratios over time of the derived products must be analysed. The data presented in Table 1 The set of actions is presented in Table 2 , and shows possibilities for allocating raw sugarcane into different assets, thus enabling finite combinations to be listed. For simplification purposes, the set of actions is limited to seven elements categorized into two classes. The first class C 1 represents the investment in a single sugarcane commodity ( A 1 , A 2 , and A 3 ) and the second class, C 2 represents diversified sugarcane commodities ( A 4 , A 5 , A 6 , and A 7 ). The portion indicated in each asset is equal to the percentage of the amount at a level equivalent to [0, 1], where 1 corresponds to 100% of the amount; the same interpretation can be made about the other percentage values.
The consequences are obtained from earnings and/or losses in each percentage of the amount invested in an asset. It is assumed that the payoffs are obtained from the cumulative return of the price of each sugarcane commodity within six months (t = 6) in a given period, considering the data collected. Table 3 represents the descriptive statistics built on the cumulative return on assets, as follows: R t 1 , the cumulative return for crystal sugar; R t 2 , the cumulative return for anhydrous ethanol, and R t 3 , the cumulative return for hydrous ethanol.
It has been considered that the payoffs for this case study fluctuate between the minimum average and maximum average cumulative returns among the three assets. Thus, this verification implies that the representation of the payoffs can be indicated by the vector B = [0.54, 1.7], which is useful to express the DM's preferences. The set of states of nature is a discrete set represented by values obtained from the cumulative returns on investments in assets in the sugarcane industry. These values will account for the variation in cumulative returns over the previous period and can be written as a vector of three coordinates, when each one represents the cumulative returns of these assets. Table 4 shows the elements of the sets of states of nature. The context of the Brazilian economy offers macroeconomic variables that are associated with these outcomes. For this specific context, five variables were selected to build the set of observations:
• x 1 : The GDP of Brazil is an indicator from which the potential economic activity of a region can be identified.
• x 2 : The BOVESPA Index is a performance indicator based on the average price that stocks are traded at on the Brazilian stock market, the main purpose of which is to give the approximate range of the configuration about the context of negotiations in the stock market.
• x 3 : The SELIC Rate is used as a benchmark for monetary policy and indicates the interest rates charged by the Brazilian market.
• x 4 : The Extended Consumer Price Index (IPCA) aims to show the variation in trade prices to the consumer, defined in economic terms as the price to the end consumer.
• x 5 : The monthly variation in the commercial dollar is attractive to study as it is used to establish a projection of the economic context selected.
Based on the consequence function, historical data of the cumulative returns are evaluated to verify the adherence to a probability distribution. The data on the price of commodities is assumed to be normal which allows P(b|θ, a) to be written as in (8) . Table 5 shows the findings. The likelihood function (P(x|θ)) provides the probability of a scenario X being observed, given a specific state of nature. The values estimated can be represented as a relative frequency, and they are presented in Table 6 , where blank cells represent the absence of estimates for the values.
Values of X = 6, X = 18, X = 19, X = 27, X = 29, X = 30, and X = 31 were excluded for want of occurrence.
By using the utility function, a DM can express his/her preferences and define the extent to which they are willing to run the risks associated with a given situation. For the case under study, the set of payoffs is defined by the limits of the DM's preferences, given the investment situation in the sugarcane industry. These limits are represented by the vector B = [0.54; 1.7] , considering the limits of the average cumulative returns among the three assets. Thus, it is assumed that the DM expects to receive a payoff between 54% and 170% of the amount invested in a certain asset.
The loss function enables the opportunity cost of an action in a decision context to be calculated. Thus, it is possible to obtain the values for the categories of investments mentioned. From the set of decision alternatives, it is possible for results to be separated into two categories:
• C 1 : Investment in a single asset;
• C 2 : Diversified investment among the set of assets.
Category C 1 is allocated alternatives A 1 , A 2 , and A 3 . Category C 2 is allocated alternatives A 4 , A 5 , A 6 , and A 7 . The results are presented in Table 7 . Table 6 -Likelihood function. Table 7 -Loss function. Based on the loss function regarding the investment in sugarcane industry assets, it is possible to use the Bayesian Risk to evaluate decision alternatives in the context to select the best options for minimum risk over this portfolio problem. Thus, it is possible calculate the risk of each option of investment, considering certain elements of the context. Table 8 presents the results for the categories selected. In this table, the emphasis is placed on alternative decisions with the lowest risk in a given contextual situation of the sugarcane commodities, considering the variables selected for this study. The results shown in Table 8 lead to an indication of the best actions for the investor, considering the scenario observed. The risk calculated for each scenario X i and for each alternative A i , shown in the respective cells. Thus, each scenario can be compared with the others evaluated under each alternative, observing the value of the risk.
For example, the first line of the Table presents the results of an observation element X = 0. This means that GDP, Bovespa Index, IPCA, SELIC Rate, and the variation of the dollar have negative indicators. The same interpretation is made for the other occurrences, and also take the arguments about the economic context into consideration.
For Case 1 (C 1 ), or Category 1, if we assume the set of observations to be X = {x 3 24 , x 25 } (i.e., the best investment asset), the portfolio that best meets the DM's expectations is the one for crystal sugar, for which action A 1 is recommended. When X = {x 2 , x 4 , x 5 , x 8 }, the best investment portfolio is the one for anhydrous ethanol, for which action A 2 is recommended. And when X = {x 0 , x 1 , x 7 , x 9 , x 10 , x 13 , x 20 , x 26 , x 28 }, the best portfolio is the one for hydrous ethanol, for which action A 3 is recommended.
For Case 2 (C 2 ), or Category 2, if we assume the set of observations is X = {x 3 , x 11 , x 12 , x 14 ,  x 15 , x 16 , x 17 , x 21 , x 22 , x 23 , x 24 , x 25 }, the best action to choose for the investment leads to A 5 , which means that an investment of 50% in sugar, 25% in anhydrous ethanol, and 25% in hydrous ethanol should be made when X = {x 2 , x 4 , x 5 , x 8 }, A 6 is recommended, which is equivalent to making an investment of 50% in anhydrous ethanol, 25% in sugar, and 25% in hydrous ethanol and when X = {x 0 , x 1 , x 7 , x 9 , x 10 , x 13 , x 20 , x 26 , x 28 }, action A 7 is suggested, which means making a 50% investment in hydrous ethanol, 25% in sugar, and 25% in anhydrous ethanol. Note that there is no recommendation that a uniform distribution of investment capital should be made in these assets, represented by A 4 . Figure 2 gives the graphical comparison between these two scenarios, or categories. Drawing on Figure 2 , a critical analysis can be made as to the extent of the risks calculated for these two categories of investment in the sugarcane sector for the case study. The concentration of lower risk investment options on a single asset is due to the expected value of the cumulative return on assets being used as a reference for the calculations.
The results presented are relative to the scenario studied, and they indicate the solution with a minimum risk over the investment considering two categories of investment over products derived from the sugarcane industry. However, depending on the DM's level of risk aversion, investment decisions for the cases presented may change. This argumentation can be formulated by the small difference in relation to the risk presented in Case 1 and Case 2. This difference may encourage the DM to consider various contextual aspects to formulate production planning for the production of sugarcane-derived products that can satisfy the DM's expectations about the return on investment.
Risk assessment in decision investment is essential to ensure the financial and production loss in the investment process is minimized according to the DM's expectations. Thus, different tools are used to measure risk and illustrate the scope of action that is the most appropriate for planning production and applying monetary resources.
Thus, the contribution of Bayes risk enables losses to be minimized on taking a priori knowledge about context aspects to describe the uncertainties in the investment actions into consideration. From this perspective, the decision model and its results represent a significant contribution as a flexible tool for production and strategic management in the investment sector, including in agribusiness.
FINAL REMARKS
In Brazil, the context of the sugarcane industry has a great influence on the national economy, so this sector has a strategic impact on several areas of the production sector. From this perspective, the approach considered in this paper allows decision strategies for this sector to be identified and formalized, considering the influence of contextual factors. This contribution allows the producer to obtain efficient information about the investment scenario that best responds to expectations, thereby encouraging economic and social development in various contexts.
The influence of the sugarcane sector on the Brazilian economy contributes to the country having the seventh-largest global economy (IBGE, 2014), which highlights the importance of establishing planning strategies according to the risk associated with investment in this sector. Thus, the study of applications involving the sugarcane industry is timely due to trends of global consumption and the search for substitutes for oil, especially those that generate energy. Due to the growing influence of this sector in the market and also to environmental concerns, there is a need to control this development to avoid unknowns.
The flexibility of this method is of considerable interest for producers, technicians, and researchers, who are seeking to improve the control and performance of asset management activities. The contributions of this article indicate that part of the production planning process in the sugarcane industry can be interpreted as an investment analysis, where the values of sugarcane derivatives are considered to be building investment indicators. Thus, analysis sought to integrate production planning decisions and investment analysis considering the economic particularities and contextual factors in the sugarcane industry, which have significant importance for and influence on the Brazilian economy.
The main issue involved in the investment context is to define the amount of money available for investment and from what assets investors will earn the highest returns on the risk in view of their THÁRCYLLA R.N. CLEMENTE and ADIEL TEIXEIRA DE ALMEIDA-FILHO 613 preferences. The contribution of Bayes risk to obtain information about the investment context is suitable and leads to friendly results in decision management as this approach indicates how to minimize loss in the investment process in an organization. Thus, knowledge and management of risk associated with the investment process can be used as performance measures, thereby aiding the process of decision-making.
The application of the decision model explains the contribution of risk analysis to organizations. This analysis enables the fundamentals to be drawn up of best decisions when planning investments, and offers a strategic position vis-à-vis the contextual uncertainty. From this perspective, the results obtained used for the decision model define it as a tool that is appropriate in the context of portfolio investments in the sugarcane industry, which can be adapted to other portfolio investment contexts.
The calculations used in this paper were supported by Matlab, although using a DSS should be the next step so as to give more flexibility and interactivity to elicit DM risk behaviour and add interactivity to the decision process, which can later be extended to other general portfolio problems.
